L
UNG CANCER is the leading cause of cancer-related mortality in the United States. In 2000, an estimated 156900 deaths were attributed to lung cancer. 1 Tobacco smoking is the most important risk factor for lung cancer, although exposures to other agents, such as radon and asbestos, are also important factors. 2 A diagnosis of obstructive lung disease has been found to be associated with a higher rate of lung cancer in several studies, [3] [4] [5] although none of these have been representative of the US adult population.
The diagnosis of obstructive lung disease has traditionally depended on the presence of symptoms such as chronic cough or sputum production. 6 New international guidelines for the diagnosis of obstructive lung disease depend almost exclusively on measured lung function to diagnose and classify disease. 7 We applied spirometric criteria for the diagnosis of obstructive lung disease to the cohort of 5402 subjects who had pulmonary function measurements obtained as part of the First National Health and Nutrition Examination Survey (NHANES I). 8, 9 We searched the NHANES I follow-up database for incident cases of lung cancer in the up to 22 years of follow-up and determined the significant predictors of lung cancer in this cohort.
METHODS
The NHANES I was conducted by the National Center for Health Statistics from 1971 to 1975. 8, 9 This was a survey of a probability sample of the civilian, noninstitutionalized population of the United States. Follow-up surveys of the adult participants (aged 25-74 years old) in the NHANES I occurred in 1982 to 1984, 1986, 1987, and 1992 . [10] [11] [12] [13] Data collected on participants included hospitalization records, vital status, and, for decedents, death certificates. Through 1992, 96% of the original cohort had been successfully traced, and death certificates were available for 98% of the 4604 documented decedents.
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QUESTIONNAIRE DATA
Participants in the NHANES I completed an extensive questionnaire that included the demographic data of age, race, sex, and education level. We classified subjects as having no greater than 12 or at least 13 years of education. A nationally representative subset of participants completed a cardiorespiratory module that included a series of questions about the presence of respiratory symptoms and the diagnosis of respiratory disease. The pulmonary symptoms included in the analysis (to define an asymptomatic subset of the population to calculate equations for lung function) were cough (defined as a positive response to "Have you ever had a cough first thing in the morning in the winter?" or "Have you ever had a cough first thing in the morning in the summer?"), sputum (defined as a positive response to "Have you ever had any phlegm from your chest first thing in the morning in the winter?" or "Have you ever had any phlegm from your chest first thing in the morning in the summer?"), and wheeze (defined as a positive response to "Have you ever had wheezy or whistling sounds in your chest?"). Participants were also asked if they had physician-diagnosed chronic bronchitis (nonallergic), emphysema, or asthma.
Complete smoking histories were obtained on all participants. We considered participants to be current smokers if they reported the use of cigarettes, cigars, or pipes at the time of the survey. We considered participants to be former smokers if they reported any previous use of cigarettes (Ն100), cigars (Ն50), or pipes (Ն3 packages of tobacco), but no current use. Longterm intensity of use data were available only for cigarettes. We calculated pack-years of cigarette use by multiplying the average number of cigarettes smoked daily by the number of years smoked and dividing the product by 20. Former cigarette smokers reported how long it had been since they smoked cigarettes fairly regularly.
PULMONARY FUNCTION DATA
Subjects who participated in the cardiorespiratory module performed spirometry using a spirometer (Model 800; Ohio Medical Instrument Company, Inc, Cincinnati, Ohio). The procedures used have been documented previously. 9 Subjects were excluded from this analysis if they did not perform spirometry or had results that were not reliable. Values used in this analysis included forced vital capacity (FVC), forced expiratory volume in 1 second (FEV 1 ), and the FEV 1 /FVC ratio. We determined predicted values of FEV 1 and FVC by performing linear regression (stratified by sex and using age and height as predictors) on a subgroup of participants who were white, had never smoked, and did not report respiratory symptoms or physiciandiagnosed lung disease. The results from these regression models were applied to the data from all participants to obtain predicted values of FEV 1 and FVC. We used an adjustment factor of 0.88 to estimate predicted values for African American participants. 14 We classified the subjects as having moderate or severe obstructive lung disease if the FEV 1 /FVC ratio was less than 70% and the FEV 1 was less than 80% of the predicted value 7 ; as having mild obstructive lung disease if the FEV 1 /FVC ratio was less than 70% and the FEV 1 was at least 80% of the predicted value; and as having restrictive disease if the FEV 1 /FVC ratio was at least 70% and the FVC was less than 80% of the predicted value.
INCIDENT CASES OF LUNG CANCER
Participants who reported cancer at the baseline interview were excluded from the analysis. Lung cancer cases were defined as any hospital discharge diagnosis coded 162 using the International Classification of Diseases, Ninth Revision, Clinical Modification, 15 or a death certificate containing this code.
DATA ANALYSIS
Our primary outcome of interest was incident lung cancer, and the main predictor of interest in our analysis was baseline lung function. We used logistic regression models to predict incident cases of lung cancer in the follow-up group using baseline lung function, stratified into 4 categories, as the main predictor and controlling for age, smoking status, race, sex, education level, years since last smoked (for former smokers), and pack-years of cigarettes (for current and former smokers). These analyses were performed using the statistical package SUDAAN (RTI, Research Triangle Park, NC) and SPSS (SPSS Inc, Chicago, Ill). Results were similar in analyses performed with and without the NHANES I sampling weights and complex design incorporated. Only the unweighted data are presented. Cox proportional hazard regression models were developed using the SUDAAN procedure SURVIVAL to take into account the potential of differential follow-up in NHANES I participants. We used time of follow-up as the underlying time metric. For lung cancer cases, the exit date was the date of the first hospitalization with a discharge diagnosis of lung cancer or, if this was unavailable, the date of death reported on the death certificate. For those without a diagnosis of lung cancer (noncases), the exit date was the date of death or the date the subject was last known to be alive. We included age, sex, race, smoking status, pulmonary function level, pack-years of cigarette smoking, and years since last smoked in the regression models.
RESULTS
A total of 14407 adults aged 25 to 74 years participated in the NHANES I. From this sample, 6913 participated in the cardiorespiratory survey and examination. We excluded 1371 subjects who did not undergo pulmonary function testing or had results that were not reliable, and 140 subjects who admitted to a history of cancer at the baseline evaluation, resulting in 5402 subjects in the final analytic cohort. Subjects excluded because of missing pulmonary function data were more likely to be older than 60 years (37.8% vs 22.8%; PϽ.001) and to be of nonwhite race (21.8% vs 11.8%; PϽ.001) than subjects included in the final cohort. Current smokers had a mean smoke exposure of 33.1 pack-years (SE, 0.7 pack-years) and 27.9 cigarettes per day (SE, 0.4 cigarette per day), whereas former smokers had a mean smoke exposure of 33.3 pack-years (SE, 1.0 pack-years) and 25.4 cigarettes per day (SE, 0.6 cigarette per day) and had quit smoking 8.6 years (SE, 0.3 years) before the initial survey.
Median duration of follow-up of the cohort was 17.9 years (interquartile range [IQR], 15.4-19.9 years). During the follow-up period, 113 cases of lung cancer (2.1% of cohort) ( Table 1) were identified, including 82 identified from hospitalization records and 31 from death certificates. Lung cancer developed during follow-up in a similar proportion of subjects who did not participate in the cardiorespiratory survey (2.0%), but it developed in a higher proportion of subjects without pulmonary function testing (3.8%). Of the 113 lung cancer cases, 85 occurred in current smokers, 18 in former smokers, and 10 in never smokers. Among current smokers, lung cancer developed in 3.7% in the follow-up period, compared with 1.7% of former smokers and 0.5% of those who never smoked ( Table 2) . Mild and moderate obstructive disease and restrictive disease at the baseline evaluation were associated with a higher proportion of lung cancer development among current and former smokers ( Table 2) .
The median time to lung cancer diagnosis (for the 82 cases detected on the basis of hospitalization records) was 9.8 years (IQR, 5.3-15.5 years). The median time to lung cancer diagnosis varied by level of lung function. Among subjects with no obstructive lung disease, this time was 12.4 years (IQR, 8.5-16.6 years); among subjects with restrictive lung disease, 10.0 years (IQR, 6.3-15.3 years); among subjects with mild obstructive lung disease, 9.5 years (IQR, 6.7-17.8 years); and among subjects with moderate or severe obstructive lung disease, 5.3 years (IQR, 2.6-9.8 years). Similar results were obtained when the end point was lung cancer diagnosis or death due to lung cancer among current and former smokers (Figure) .
The median age at lung cancer diagnosis (for the 82 cases detected on the basis of hospitalization records) was 69.6 years (IQR, 63.1-74.4 years). The median age of lung cancer diagnosis varied by level of lung function. Among subjects with no obstructive lung disease, this age was 68.2 years (IQR, 63.1-74.4 years); among subjects with moderate or severe obstructive lung disease, 71.1 years (IQR, 67.1-74.4 years).
Moderate or severe obstructive lung disease was a significant predictor of incident lung cancer in logistic regression models that controlled for age, smoking status, sex, education level, pack-years of cigarette smoking, and years since quitting smoking (odds ratio [OR], 2.4; 95% confidence interval [CI], 1.5-3.8). Similar results were obtained in a model restricted to current and former smokers (OR, 2.6; 95% CI, 1.6-4.2).
In the multivariate proportional hazards analysis (Table 3) , moderate or severe obstructive lung disease was a significant hazard for incident lung cancer in the follow-up period among the entire cohort (hazard ratio [HR], 2.8; 95% CI, 1.8-4.4) and when limited to current or former smokers (OR, 3.0; 95% CI, 1.9-4.8).
COMMENT
In this analysis of a nationally representative cohort of the US population with up to 22 years of follow-up, we found that the presence of moderate or severe obstruc- tive lung disease was associated with an increased risk for development of incident lung cancer during the follow-up period. Lung cancer is predominantly a disease of current and former smokers, and in our analyses limited to this group, the presence of moderate or severe obstructive lung disease remained a predictor of incident lung cancer. A somewhat surprising finding was that lung cancer developed in 6.7% of former smokers with obstructive lung disease during the follow-up period (Table  2) . Another interesting finding was that subjects with restrictive lung disease had a slightly increased risk for development of lung cancer during the follow-up period. Most previous studies of the association of obstructive lung disease and lung cancer in the United States have been performed in smaller populations not necessarily representative of the US population. 3, 4 One prospective study of 226 subjects, including 113 case subjects with an FEV 1 of no greater than 70% and 113 matched control subjects with an FEV 1 of at least 85%, found that lung cancer developed in 8.8% of the cases and 2.0% of the controls (all among current smokers) during the 10-year follow-up period. 3 Another US study that included people with moderate to severe obstructive lung disease and current smokers found that the risk for lung cancer increased with increasing levels of airway obstruction, although subjects were only followed up for 1 to 3 years. 4 A larger study of 3956 subjects from Tecumseh, Mich, followed up from 1962 through 1987, identified 60 incident lung cancers (1.5%) and found that a lower baseline FEV 1 and a more rapid decline in FEV 1 were associated with a higher risk for lung cancer. 16 Another US study found that a lower FEV 1 was associated with higher lung cancer mortality rates among currently smoking men, but not among women. 17 International studies have shown similar results. A Danish study of 13946 participants followed up for 10 years found increased mortality risks due to lung cancer in subjects with an FEV 1 of less than 40% (HR, 3.9 [95% CI, 2.2-7.2]) or of 40% to 79% (HR, 2.1 [95% CI, 1.3-5.4]) when compared with subjects with an FEV 1 of at least 80%. 5 In a Scottish study of 15 411 subjects followed up for 15 years, men and women with low lung function (FEV 1 of Ͻ73% and Ͻ75%, respectively) had a higher risk for lung cancer mortality (HR, 2.5 and 4.4, respectively) compared with subjects in the highest quintile of lung function. 18 One difference between our study and the previous studies was our separate evaluations of mild obstructive lung disease and restrictive lung disease. There was a suggestion in the univariate models that lung cancer is more likely to develop in both of these groups (Table 3) , although these findings did not remain significant in the multivariate models.
We used objective criteria for obstructive lung disease to define the population with moderate or severe airway obstruction. 7 We know from other studies that 63% of the adult US population with this degree of airway obstruction has never received a diagnosis of any lung disease, 19 and that dependence on clinical signs or symptoms will not detect most of these individuals. 20, 21 To address this gap, a new national health care initiative, the National Lung Health Education Program, recommends spirometric testing for all smokers (current and former) aged 45 years or older and anyone with respiratory symptoms. 22 A surprising finding in our analysis was that the proportion of former smokers with moderate obstructive disease in whom lung cancer developed was almost as high as the proportion of current smokers (6.7% vs 10.8%). Many lung cancers are being diagnosed in former smokers because of the increasing numbers of former smokers in the population and their greater age (relative to current smokers). 23, 24 Most studies suggest that even after 3 to 5 years of smoking abstinence, the risk for cancer is similar to that of current smokers. 23, 25 In our univariate models, former smokers who stopped smoking at least 10 years before the survey had an HR of 3.7 for development of lung cancer, compared with those who never smoked (Table 3) . In our analysis, we only determined smoking status at baseline, although a proportion of these subjects likely stopped smoking during the follow-up period, which would result in an even higher proportion of lung cancer in former smokers. 26 Another finding in our analysis was that although subjects without obstructive lung disease had a longer interval from the time of the survey to the time of lung cancer diagnosis (12.4 vs 5.3 years for subjects with obstructive lung disease), they received a diagnosis of lung cancer at a slightly younger age (68.2 vs 71.1 years). This difference raises the possibility that the factors related to lung cancer in the presence of obstructive lung disease differ from those in its absence.
Lung cancer remains one of the most deadly malignancies in the United States, with an estimated 164100 new cases and 156900 deaths in 2000. 1 Screening for lung cancer is currently not recommended, although the basis for this policy consists of studies performed more than 20 years ago. 1, 27, 28 Modern imaging techniques involving computed tomography scanning with low-dosage radiation may be able to alter this recommendation. 29, 30 The findings of our study point to the potential utility of pulmonary function testing among current and former smokers to identify a subgroup of patients in whom lung cancer is more likely to develop and who are more likely to benefit from screening or case detection. [31] [32] [33] [34] There are certain limitations to our analysis. Pulmonary function data were obtained only at the baseline evaluation, so we could not determine in which subjects obstructive lung disease may have developed in the follow-up period. Hospitalizations and deaths associated with lung cancer had no independent confirmation of the malignancy. Some subjects may have died with occult lung cancer present. Despite these potential limitations, our overall findings of risk factors for lung cancer are consistent with what is known about the epidemiology of lung cancer, suggesting any misclassification did not significantly alter our results.
CONCLUSIONS
In this nationally representative cohort of US adults, the presence of moderate or severe obstructive lung disease was independently associated with an increased risk for incident lung cancer during up to 22 years of follow-up. This finding may be useful in better defining populations that could be targeted for efforts to detect earlystage lung cancer.
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